A bacterial strain THG-B283 T , which has b-glucosidase activity, was isolated from soil of a ginseng field. Cells were Gram-reaction-negative, oxidase-and catalase-positive, aerobic, motile with one polar flagellum and rod-shaped. The strain was subjected to a polyphasic taxonomic study. Strain THG-B283
predominant ubiquinone. The major fatty acids included summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c), C 18 : 1 v7c, C 14 : 0 2-OH and C 16 : 0 . The DNA G+C content was 72.2 mol%. The major component in the polyamine pattern was sym-homospermidine. The major polar lipids were phosphatidylglycerol, phosphatidylethanolamine, phosphatidyldimethylethanolamine, phosphatidylcholine, sphingoglycolipid, diphosphatidylglycerol, an unidentified glycolipid, unidentified aminolipids, an unidentified phospholipid and unidentified lipids. Genomic and chemotaxonomic data supported the affiliation of strain T to the genus Sphingomonas. DNA-DNA relatedness between strain THG-B283 T and its closest phylogenetic neighbours was below 23 %. On the basis of phenotypic, phylogenetic and genetic data, strain THG-B283 T represents a novel species of genus Sphingomonas, for which the name Sphingomonas kyungheensis sp. nov. is proposed. The type strain is THG-B283 T (5KACC 16224
During the course of screening for ginsenoside-converting aerobic bacterial strains from soil of a ginseng field in Pocheon province, South Korea, strain THG-B283 T was isolated. The strain could convert ginsenoside Rb 1 to F 2 and C-K via Rd, and appeared to be a member of the genus Sphingomonas; strain THG-B283
T therefore became the subject of a taxonomic investigation. The genus Sphingomonas was created by Yabuuchi et al. (1990) and its description has subsequently been emended by Takeuchi et al. (2001) , Yabuuchi et al. (2002) , Busse et al. (2003) and Chen et al. (2012) . On the basis of phylogenetic analysis of 16S rRNA gene sequences and polyamine profiles, the original genus Sphingomonas should be classified into four genera, Sphingomonas, Novosphingobium, Sphingobium and Sphingopyxis ; however, the phenotypic evidence to support this proposal was weak . According to Busse et al. (2003) , species of the genus Sphingomonas comprising cluster I as proposed by Takeuchi et al. (2001) , with sym-homospermidine as the major polyamine, should be considered members of Sphingomonas sensu stricto, with Sphingomonas paucimobilis as the type species. Members of this genus are aerobic, Gram-staining-negative, non-spore-forming bacteria that are characterized by the absence of 3-hydroxy fatty acids and by the presence of 2-hydroxymyristic acid, Q-10 as the respiratory quinone and sym-homospermidine as the key polyamine. In the present study, we conducted phenotypic, phylogenetic, genetic and chemotaxonomic analyses to determine the precise taxonomic position of strain THG-B283 T . On the basis of the results obtained in this study, we propose that it should be placed in the genus Sphingomonas as the type strain of novel species.
The soil sample was thoroughly suspended in 50 mM phosphate buffer (pH 7.0) and spread on R2A agar (BD). The plates were incubated at 28 u C for a week. Single colonies on the plates were purified by transferring them to R2A agar plates. Strain THG-B283
T was preserved at 270 u C in R2A broth supplemented with 25 % (v/v) glycerol.
Genomic DNA of strain THG-B283
T was isolated using a commercial genomic DNA isolation kit (Solgent). The 16S rRNA gene was amplified from chromosomal DNA using the universal bacterial primers 27F (59-AGAGTTTG-ATCCTGGCTCAG-39), 518F (59-CCAGCAGCCGCGGT-AATACG-39), 800R (59-TACCAGGGTATCTAATCC-39) and 1492R (59-GGTTACCTTGTTACGACTT-39) (Weisburg et al., 1991) and the purified PCR products were sequenced by Solgent (Daejeon, Korea). The full sequence of the 16S rRNA gene were compiled with SeqMan software version 4.1 (DNASTAR Inc.). The 16S rRNA gene sequences of related taxa were obtained from GenBank and the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Multiple alignments were performed with the CLUSTAL_X program (Thompson et al., 1997) and gaps were edited in the BioEdit program (Hall, 1999) . Evolutionary distances were calculated using Kimura's two-parameter method (Kimura, 1983) . The phylogenetic tree was reconstructed with the neighbourjoining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971 ) methods and the maximum-likelihood method with the MEGA5 program (Tamura et al., 2011) with bootstrap values based on 1 000 replications (Felsenstein, 1985 T . The Gram reaction was determined using the non-staining method, as described by Buck (1982) . Cell morphology was observed at 611 000 magnification, with a transmission electron microscope (Tecnai G2 Spirit Twin; FEI), using cells grown for 48 h at 28 u C in R2A broth. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 solution. Oxidase activity was tested using 1 % (w/v) N,N,N9,N9-tetramethyl p-phenylenediamine reagent (Sigma) according to the supplier's instructions. Anaerobic growth was determined in serum bottles containing R2A broth supplemented with thioglycolate (1 g l 21 ). In addition, biochemical tests were carried out using API 20NE, API ID 32GN and API ZYM test kits according to the protocols of the manufacturer (bioMérieux). Hydrolysis of the following substrates was tested: DNA (using DNAse agar from Scharlau, with DNase activity detected by flooding plates with 1 M HCl), aesculin [on R2A agar containing ferric citrate (0.02 %; Fluka) and aesculin (0.3 %; Sigma)], casein [on R2A agar supplemented with 2 % skim milk (BD)] and starch [on R2A agar containing 1 % starch (BD)]. Growth at 4, 10, 15, 18, 20, 25, 28, 35, 37 and 42 u C and at pH 5.5-10.0 (at intervals of 0.5 pH units) was assessed after 5 days of incubation in R2A broth. For the pH experiments, three different buffers were used (final concentrations, 50 mM): acetate buffer was used for pH 5.5, phosphate buffer was used for pH 6.0-8.0 and Tris/HCl buffer was used for pH 8.5-10.0. Sensitivity to NaCl concentrations from 0 to 10 % (w/v) at 1 % intervals was tested on R2A agar. Conversion of ginsenoside Rb 1 was examined using TLC as described by Kim et al. (2005) . Growth of strain THG-B283
T was tested on the following media (all from BD): nutrient agar (NA), trypticase soy agar (TSA), Luria-Bertani agar (LBA), yeast mold agar (YMA) and MacConkey agar, at 28 u C.
In order to measure the G+C content of chromosomal DNA, genomic DNA of strain THG-B283
T was extracted and purified as described by Moore & Dowhan (1995) and degraded enzymically into nucleosides. The G+C content was then determined as described by Mesbah et al. (1989) using reversed-phase HPLC (model NS-6000A; Futecs) [SunFire C18 reversed-phase column (4.66250 mm65 mm); eluent, 0.2 M NH 4 H 2 PO 4 /acetonitrile (20 : 1, v/v); flow rate, 1.2 ml min 21 ; wavelength, 270 nm]. Fatty acid profiles were determined for strains grown on R2A agar for 2 days at 28 u C. Cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI) and analysed by gas chromatography (model 6890; Hewlett Packard) using the Microbial Identification software package with the Sherlock system MIDI 6.1 and the Sherlock aerobic bacterial database (TSBA 6.1) (Sasser, 1990) . Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), evaporated under a vacuum and re-extracted in n-hexane/water (1 : 1, v/v). The crude quinone in n-hexane solution was purified using Sep-Pak Vac silica cartridges (Waters) and subsequently analysed by reversed-phase HPLC (model NS-6000A; Futecs), as described by Hiraishi et al. (1996) . Polar lipids were extracted from freeze-dried cells after growth on R2A broth for 2 days at 28 u C and examined by two-dimensional TLC using Kieselgel 60 F 254 plates (10610 cm; Merck) and identified as described by Minnikin et al. (1977) . Total polar lipids were detected by spraying the TLC plates with 5 % molybdatophosphoric acid followed by charring at 120 u C. The procedures used for extraction and HPLC analysis of bacterial polyamines were described by Busse et al. (1997 Busse et al. ( , 1999 and Taibi et al. (2000) . Sphingomonas oryziterrae YC6722
T (Chung et al., 2011) , which contains sym-homospermidine as the major polyamine, was used as a control; S. oryziterrae YC6722 T shares this characteristic with the other species of the genus Sphingomonas sensu stricto . DNA-DNA hybridization experiments were performed with the method described by Ezaki et al. (1989) using photobiotin-labelled DNA probes and microdilution wells.
The 16S rRNA gene sequence of strain THG-B283 T determined in this study was a continuous stretch of 1 414 bp. Sequence similarity, calculated from the EzTaxone server, indicated that the closest relatives of strain THG-B283 T were S. melonis DAPP-PG 224 T (98.2 %), S. aquatilis JSS7 T (98.1 %), S. insulae DS-28 T (97.6 %), S. mali IFO 15500 T (97.1 %) and S. pruni IFO 15498 T (97.0 %). The phylogenetic tree (Fig. 1 ) also indicated that strain THG-B283
T clustered with species of the genus Sphingomonas, and the topology of the maximum-likelihood tree was essentially the same (Fig. S1 , available in IJSEM Online).
Cells of strain THG-B283
T were Gram-reaction-negative, oxidase-and catalase-positive, aerobic, motile with one polar flagellum and rod-shaped (0.5-0.7 mm wide, 2.0-2.5 mm long) (Fig. S2) . Colonies grown on R2A agar were circularconvex, yellow and 2-3 mm in diameter after 2 days of growth at 28 u C. On R2A agar, THG-B283
T was able to grow at 18-35 u C and at pH 5.5-7.5, but not at 10 or 37 u C. Growth occurred in the absence of NaCl and in the presence of 1 % (w/v) NaCl, but not with 2 % (w/v) NaCl or more. Optimum growth of strain THG-B283 T occurred at around pH 7.0 and at 25-28 u C and in the absence of NaCl on R2A agar. The isolate grew also on NA, TSA, LBA and YMA, but not on MacConkey agar. Cells were able to hydrolyse aesculin, but not DNA, casein or starch. Phenotypic and T with related species. This tree was reconstructed using the neighbour-joining method (Saitou & Nei, 1987 ) with a twoparameter distance matrix (Kimura, 1983) and pairwise deletion. Filled circles indicate generic branches that were also recovered by using the maximum-parsimony algorithm. Bootstrap values (expressed as percentages of 1000 replications) greater than 70 % are shown at branch points. Bar, 0.005 substitutions per nucleotide position. (Takeuchi et al., 1995; Buonaurio et al., 2002) ; 6, S. pruni IFO 15498 T (Takeuchi et al., 1995; Buonaurio et al., 2002) . All strains were Gram-reaction-negative, rod-shaped and positive for hydrolysis of aesculin and catalase activities (not determined for S. mali and S. pruni) but negative for hydrolysis of casein (not determined for S. mali and S. pruni). In API 20 NE and API ID 32 GN kits, all strains were positive for assimilation of D-glucose, L-arabinose, D-mannose, maltose and sucrose. All strains were negative for nitrate reduction, indole production, hydrolysis of gelatin and assimilation of the following substrates: D-mannitol, caprate, valerate, D-sorbitol, L-histidine, 2-ketogluconate, D-ribose, inositol, itaconate, suberate (not determined for S. mali and S. pruni), glycogen (not determined for S. mali and S. pruni), L-serine, 5-ketogluconate and 3-hydroxybenzoate. In API ZYM kits, all strains (except S. mali and S. pruni) were positive for alkaline phosphatase, leucine arylamidase, valine arylamidase, acid phosphatase, b-galactosidase, a-glucosidase and b-glucosidase but negative for lipase (C14), trypsin, amannosidase and a-fucosidase. +, Positive; W, weak; 2, negative; ND, no data available. S. pruni KACC 12979 T was respectively 23±2, 20±3, 20±2, 9±1 and 15±2 %.
Sphingomonas faeni MA-olki T (AJ429239)

Sphingomonas aurantiaca MA101b T (AJ429236)
Sphingomonas japonica KC 7 T (AB428568)
Sphingomonas dokdonensis DS-4 T (DQ178975)
Sphingomonas mucosissima CP173-2 T (AM229669)
Sphingomonas oligophenolica JCM 12082 T (AB018439)
Sphingomonas echinoides DSM 1805 T (AJ012461)
Sphingomonas glacialis C16y T (GQ253122)
Sphingomonas koreensis JSS26 T (AF131296)
Sphingomonas soli T5-04 T (AB166883)
Sphingomonas mali IFO 15500 T (Y09638)
Sphingomonas pruni IFO 15498 T (Y09637)
Sphingomonas asaccharolytica IFO 15499 T (Y09639)
Sphingomonas hankookensis ODN7 T (FJ194436)
Sphingomonas panni C52 T (AJ575818)
Sphingomonas desiccabilis CP1D T (AJ871435)
Sphingomonas cynarae SPC1 T (HQ439186)
Sphingomonas insulae DS-28 T (EF363714)
Sphingomonas aquatilis JSS7 T (AF131295)
Sphingomonas melonis DAPP-PG 224 T (AB055863)
Sphingomonas kyungheensis THG-B283 T (JN196137)
Sphingomonas rubra BH3 T (FJ834325)
Sphingomonas abaci C42 T (AJ575817)
Sphingomonas jinjuensis YC6723 T (EU707561)
Sphingomonas leidyi ATCC15260T (AJ227812)
Sphingomonas ginsenosidimutans Gsoil 1429 T (HM204925)
Sphingomonas yunnanensis YIM 003 T (AY894691)
The major respiratory quinone of strain THG-B283 T was ubiquinone 10 (Q-10), in line with all other members of the family Sphingomonadaceae. The cellular fatty acids of strain THG-B283
T and related type strains are shown in Table 2 . The fatty acid profile of strain THG-B283
T was composed mainly of summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), C 18 : 1 v7c, C 14 : 0 2-OH and C 16 : 0 . The major polyamine was sym-homospermidine (Fig. S4) . The polar lipids detected were phosphatidylglycerol (PG), phosphatidylethanolamine (PE), phosphatidyldimethylethanolamine (PDE), phosphatidylcholine (PC), sphingoglycolipid (SGL), diphosphatidylglycerol (DPG), an unidentified phospholipid, an unidentified glycolipid, unidentified aminolipids and unidentified lipids (Fig. S5) .
The characteristics of strain THG-B283
T were consistent with the description of the genus Sphingomonas with regard to morphological, biochemical and chemotaxonomic properties. However, the phylogenetic distance between strain THG-B283
T and recognized Sphingomonas species, the unique phenotypic characteristics (Table 1) and the low levels of DNA-DNA relatedness (Wayne et al., 1987) warrant the assignment of strain THG-B283
T to the genus Sphingomonas as the type strain of a novel species, for which the name Sphingomonas kyungheensis sp. nov. is proposed.
Description of Sphingomonas kyungheensis sp. nov.
Sphingomonas kyungheensis (ky.ung.he.en9sis. N.L. fem. adj. kyungheensis of or belonging to Kyung Hee University, Republic of Korea, where the type strain was characterized).
Cells are Gram-reaction-negative, oxidase-and catalasepositive, aerobic, motile with one polar flagellum and rodshaped (0.5-0.7 mm wide, 2.0-2.5 mm long). Colonies on R2A agar are circular-convex, yellow and 2-3 mm in diameter after 2 days at 28 u C. Grows on R2A agar at 18-35 uC and at pH 5.5-7.5 but not at 10 or 37 uC. Optimum growth occurs at 25-28 u C, at pH 7.0 and in the absence of NaCl. Growth also occurs on NA, TSA, LBA and YMA, but not on MacConkey agar. Cells are able to hydrolyse aesculin, but not DNA, casein or starch. Results of tests for assimilation of various substrates as sole carbon sources (API ID 32GN, API 20NE) and of enzyme activities (API ZYM) are listed in Table 1 . Q-10 is the predominant respiratory quinone and summed feature 3 (C 16 : 1 v7c and/ or C 16 : 1 v6c), C 18 : 1 v7c, C 14 : 0 2-OH and C 16 : 0 are the major cellular fatty acids (.8 %). The major polyamine is sym-homospermidine. The major polar lipids are PG, PE, PDE, PC, SGL, DPG, an unidentified phospholipid, an unidentified glycolipid, unidentified aminolipids and unidentified lipids.
The type strain, THG-B283 T (5KACC 16224 T 5LMG 26582 T ), was isolated from soil of a ginseng field of Pocheon province, South Korea. The genomic DNA G+C content of the type strain is 72.2 mol%. . Data were from this study unless indicated. Cells were cultured on R2A agar for 2 days at 28 u C. Some fatty acids that accounted for less than 0.5 % of the total fatty acids are not shown; therefore, the percentages do not add up to 100 %. TR, Trace (,0.5 % of the total); 2, not detected/not reported. 
